Study design: Prospective observational study. Objectives: To identify the epidemiological features specific to spinal injuries as a result of an earthquake. Settings: Rawalpindi, Pakistan in the months after the 8 October 2005 earthquake. Methods: In the month after the earthquake, the one established rehabilitation center was augmented with two makeshift spinal cord centers. Information on mechanism of injury, mode of evacuation, associated injuries was gathered, and a detailed clinical and radiological assessment was performed. Neurological status and functional outcome was determined after 10 weeks. Results: Of an estimated 650-750 spinal cord injuries, 187 were admitted to these centers, including 80 men and 107 women with a mean age of 28.3712.4 years. Injuries occurred while standing in 57.8% of patients. Most (83.4%) who reached the spinal cord center were airlifted. A urinary catheter had been placed before admission in 91.5%. Most of the patients were paraplegic 89.3, with 50.8% incomplete injuries. Fracture or fracture dislocation was present in 70, and 75% underwent spinal fixation. Although pressure ulcers (28.9%) and urinary tract infections (39%) were common, deep venous thromboses (4.8%) and depression (5.8%) were seldom detected. At 10 weeks, 75% were continent or performing intermittent catheterization. There were no deaths and two births. Conclusion: After a disaster, evacuation of persons with a spinal cord injury to a specialized center results in low mortality. Response planning for disasters should include early aggressive medical rehabilitation. Sponsorship: None.
Introduction
Disasters have inflicted pain, suffering, death, and disability on populations since the beginning of time. But recent incidents, including the Indian Ocean tsunami, the flooding of New Orleans, and our Pakistan earthquake have brought disaster preparedness to the forefront of international policy.
Management of disability after disaster has received little attention in disaster-planning circles. For example, a Medline search on the topics 'spinal cord injury' and 'earthquake' resulted in only eight articles, none of which pertained to epidemiology or management.
On 8 October 2005 at 8:52 PST, an earthquake measuring 7.6 on the Richter scale occurred in the northern areas of Pakistan and India, with an epicenter 100 km north-north east of Islamabad. Seventy-three thousand people lost their lives and 126 000 were injured. 1, 2 It was the most devastating and debilitating natural disaster in the country's history, causing widespread destruction and loss of life and property. The task of managing so many casualties in a third-world country with a physician density of 0.74 per 1000 people 3 was gigantic. The disaster was a unique learning opportunity for the rest of the world. In the process of establishing and augmenting emergency spinal cord rehabilitation centers and caring for the victims, we obtained invaluable data on the nature of spinal cord injury (SCI) in an earthquake and a process of handling them.
Materials and methods

Medical setting
Before this event, rehabilitation in Pakistan was generally equated with 'physiotherapy', rather than the medical specialty of Physical Medicine and Rehabilitation and the concept of a multidisciplinary team. Thus, despite neurosurgical departments in nearly all major teaching hospitals, there existed no SCI unit and disaster planning did not include disability management. Only one dedicated rehabilitation medicine institute was functioning at the time of the disaster -the Armed Forces Institute of Rehabilitation Medicine (AFIRM), a 100-bed, tertiary-care hospital providing rehabilitation services to persons with SCI, stroke, amputation, musculoskeletal disabilities, and pediatric disabilities.
After the earthquake, all communications from the affected areas were cutoff, so a rapid response to the catastrophe could not occur. No disaster-relief plan existed to meet such a challenge. As the news spread out and aid started pouring in, an airborne operation including approximately 70 helicopters 4 was launched. This was a prospective observational study conducted at three centers in Rawalpindi: the established spinal rehabilitation unit at AFIRM, a makeshift Paraplegic Centre developed from a converted pulmonary ward at the District Headquarters Hospital (DHQ), and the converted Neurosurgical Ward at Holy Family Hospital (HFH). Rehabilitation medicine consultants and residents from AFIRM regularly visited these centers to follow up the patient's progress and to facilitate SCI rehabilitation.
No national SCI registry existed in the country, so exact number of SCI patients could not be determined with accuracy; but according to different estimates the number of SCI patients in this disaster was between 650 and 750. 5, 6 A preliminary survey of SCI carried out in the third week post earthquake to assess the magnitude of the problem revealed that there were 300 diagnosed cases of SCI admitted in different hospitals of the city. Women were more commonly admitted (196 versus 104), but this was likely an artifact of the fact that one facility, 'Melody Rehabilitation Center', dedicated entirely to women, had 60 admissions.
Patients and methods
One hundred and ninety-five persons admitted to these three centers between 9 October 2005 and 9 November 2005 were enrolled in the study. Eight patients who left against medical advice or were transferred elsewhere were lost to follow-up, leaving 187 subjects. A detailed evaluation of the patients included a complete history, compilation of demographic data, time and mode of evacuation, identification of mechanism of injury, associated problems/injuries, level and nature of injury, and radiological evaluation (by X-rays in all cases and computed tomography and magnetic resonance imaging of the spine in selected cases). SCI was diagnosed on the basis of clinical findings and radiological evidence by the neurosurgeon, spinal surgeon, or rehabilitation medicine specialist, with severity determined by the American Spinal Injury Association (ASIA) classification. 7 The patients were assessed in detail every 2 weeks for improvement in the clinical status and development of secondary complications of SCI; with emphasis on detection of deep vein thrombosis, pressure ulcer formation, urinary tract infections (UTIs), depression, and neuropathic pain. Only approximately 10-12% received thromboprophylaxis in the form of compression stockings, unfractionated and low molecular weight heparin. Patients were observed for development of clinical signs and symptoms suggestive of DVT (swelling, pain, redness, and tenderness of the calf), and in case of clinical suspicion underwent duplex ultrasound scan at the affiliated radiology department to confirm or refute the diagnosis of DVT.
Patients were followed up for 10 weeks. Stable patients with SCI ASIA-E discharged earlier were asked to follow-up in the outpatient department on a monthly basis. The final assessment was carried out in the last week of January.
Oral informed consent was obtained from the patients or parents/guardians as appropriate at the start of the study. Data were entered on forms designed specifically for the study and the record was maintained on two separate computers. Data were compiled and results were analyzed using SPSS V 11.
Results
This study group of 187 patients had a mean age 28.3712.4 (range 3-75) years (see Table 1 ). The majority of victims (57.2%) were women, and they were slightly younger than the men, with mean ages of 26.5711.9 and 30.75712.8, respectively. Of the women, 67% were housewives, 18% were students, 12% were unemployed, and 3% were employed, all by the government. An equal number of both sexes were married (65%).
Most of the injuries (108, 57.8%, 54 men and 54 women) were sustained by people while they were standing or running about to save themselves from falling rubble. Fifty-four (28.9%) of the patients were injured in the sitting position as roofs collapsed (43 women and 11 men), 24 sustained injuries while lying (nine women and 15 men), and one was injured in a jump from the second floor of a house. The majority of the patients (83.4%) were air-lifted from the affected zone by helicopters, 15.5% were evacuated by road, whereas two (1.1%) utilized both modes.
Nature of injuries
At the time of admission, 86 (46%) patients had incomplete paraplegia, 81 (43.3%) had complete paraplegia, nine (4.8%) had incomplete tetraplegia, and 11 (5.9%) had no neurological deficit. Incomplete paraplegia was the most common presentation in women whereas complete paraplegia was the dominant presentation in men. There was no case of complete tetraplegia (see Table 2 ). Out of the 95 patients who had incomplete injury, 46 were in ASIA B, 41 were ASIA C, and eight were ASIA D (see Figures 1 and 2 ). Radiologically 68 (36.4%) patients had vertebral fractures, whereas 62 (33.2%) had fracture dislocation (see Table 3 ). Surgical intervention was not available in many cases, but most (75.4%) underwent spinal fixation. The main criteria for fixation was unstable spine or, in late cases, intractable pain. Nearly all spinal fixations were carried out via the posterior midline approach.
Six women sustained traumatic brain injuries, three men and seven women sustained pelvic fractures (total 5.3%), nine had abdominal injuries, and 11 had chest injuries. There were 24 fractures, of which 21 affected long bones. Twelve had deep lacerations and one had severe tissue loss in a leg. Significant pre-existing diseases included ischemic heart disease, hypertension, cholelithiasis, diabetes mellitus, multi nodular goiter, and pneumonia in one patient each, and tuberculosis in two patients.
Management and complications
Most of the patients (91.4%) had indwelling catheters in place at the time of admission. As described in Table 4 , 57% of men learned clean intermittent catheterization whereas only 43% of women did so. Seventy-three (39%) Of 17 patients who were suspected clinically to have DVT, ultrasound was positive in nine (4.8%), with a higher incidence in men (6.2%) versus women (3.7%), and no difference in side of clot. All were of ages of 10-30 years. Five of these had complete SCI, three were ASIA B, and one was ASIA D, with one cervical, seven thoracic, and one lumbar injury. Five had undergone spinal surgery. None had any prophylaxis.
Most of the 28.5% of persons who had pressure ulcers (PU) were from the makeshift SCI centers. Seventeen percent of patients developed neuropathic pain, including 19 women and 13 men. Depression, assessed using the Beck Depression Inventory, was found in 5.8% of patients, including seven women and four men.
Discussion
This is the first study to specifically describe the epidemiology and management of SCI after an earthquake disaster. Disaster, defined as 'any incident, involving large numbers of casualties which overwhelms the capacity of available resources to cope with it', 8 is predictable neither in time nor in place. It is certain that disasters will occur, however; therefore it is critical that the experiences from previous ones, including this earthquake, be understood. The findings should be discussed in light of past work, the qualitative observations should be shared, and implications for persons planning for future disasters should be laid out. Notable findings include:
Epidemiology: 
Comparison to other experiences
Epidemiological studies of SCI in both developed and developing countries have consistently shown reported male:female ratios of between 3:1 and 8.3:1. 9-21 In contrast, women were more likely involved in our earthquake. In our male-dominated society, men go out as the bread winners and women largely stay at home. So many women were at home at the time of the earthquake and others rushed in from the fields to their homes to save their children. In a Turkish disaster, it appeared that women were better off, because they were protected from outdoor dangers.
14 Large numbers of people were injured while standing or running around. This confirms to the study by Marou and Matumotto, 22 which demonstrated that the majority of spinal fractures in the Kobe, Japan earthquake were sustained when people tried to sit up or stand on their traditional futon mattresses without bed frames. We conclude that both the nature of the dwellings and societal customs may be taken into account in preparing for different sex ratios in disaster.
The ages of our victims varied from 3 to 75, but the mean age was 28. Elsewhere the mean age appears to be older, ranging from 32 to 50 years. 12, 16, 17, 20, 21, 23 This age group represents the main economic and social fabric of our community. Only adequate rehabilitation will guarantee their successful reintegration into the society as useful and productive members of society.
In other health-care situations, the percentage of persons with complete tetraplegia ranges from 8.1 to 54%. 12, 13, 16, 18, 19, [23] [24] [25] There were none in our study. This may have to do with the available evacuation modes and local settings. 26 The air evacuation chain effectively evacuated a large number of casualties and possibly was responsible for reduced morbidity and mortality in SCI patients. 24 But air evacuation was not available to all. Kashmir is a mountainous area. Many Even when they reached air evacuation sites SCI casualties had to wait, as priority was given to acute life-threatening injuries. It is highly unlikely that many people with complete tetraplegia would survive in these conditions. Pediatric SCI is reported to be rare in the Western literature, ranging from 2 to 5% 27-30 but the incidence of pediatric SCI in this study is 16.5%. The earthquake struck at around 09:00 h in the morning when most of the children were in their classrooms. They could not get out as the earth shook and roofs collapsed trapping them under debris. Only two (6.45%) children had SCI without radiological abnormalities, much less than the 13-38% incidence quoted in previous studies. [31] [32] [33] Qualitative observations The main outcome was zero mortality in these 187 patients. This was made possible by accurate and early diagnosis, early detection, and prevention of complications responsible for high mortality in SCI patients. The majority of the UTIs and all of the urethroscrotal fistulae developed in patients being managed in temporary centers. The etiological factors are thought to be:
Inadequate fluid intake Placement of indwelling catheters before admission at the site of disaster (where clean technique was not used) Long-term placement of indwelling catheters Poor perineal hygiene of patients Repeated use of the disposable catheters.
Urethroscrotal fistulae developed in four male patients from the temporary spinal units and the etiology was wrong technique and forceful insertion of catheter.
Of the 54 patients with PU, three were admitted with PU and all of them had evacuation delayed for more than 15 days. Four patients at AFIRM and 47 patients at the Paraplegic Centre and HFH developed PU. The possible etiological factors could be:
Lack of knowledge regarding PU prevention on part of the doctors. Inadequate change of posture. Nonavailability of pressure-relief mattresses and cushions in the early phase. Delay in identification of early signs of skin breakdown.
For over 30 years, it has been well established that multidisciplinary team management of disability is critical for success, 34 and few would doubt the relative effectiveness of specialized SCI centers. 35, 36 Our success demonstrates the importance of early involvement of rehabilitation specialists and multidisciplinary teams.
Policy implications
This disaster has highlighted the important role of spinal rehabilitation units. The lack of a national disaster management plan in the initial phase and absence of a national SCI registry in the rehabilitation phase was obvious and had important implications. Within the methodological limits of this study, and recognizing that circumstances in other disasters may differ from our experience, we believe that persons planning disaster response should take into consideration a number of lessons learned from this experience. Disaster planners must assume that a large number of SCI will occur with earthquakes. They must develop plans to rapidly expand SCI centers under the direction of a Physical Medicine and Rehabilitation specialist. Plans should include identification and evacuation plans, staff training (in-service for inexperienced staff, patient education materials), space, equipment and supplies, quality monitoring, and chain of command.
Our success would not have been possible without the teams from WHO, Handicap International, South Africa, Canada, and Turkey. With fewer than 20 Rehabilitation Medicine Specialists in our country, we did not have sufficient resources to care for all injured persons. More people would have been served better if rehabilitation medicine had been adequately developed in our country before the disaster. Along with our own health policy leaders, medical professionals in industrialized countries have an important role in facilitating growth of rehabilitation medicine in countries such as ours, not only to prepare for emergencies, but also to sustain the social productivity of all persons.
